INTRODUCTION
Rice dwarf virus (RDV), which belongs to the Phytoreovirus group (Boccardo & Milne, 1984) , has icosahedral double-shelled particles about 70 nm in diameter (Kimura & Shikata, 1968; Uyeda & Shikata, 1982) , containing 12 segments of dsRNA (Omura & Inoue, 1985) and seven proteins (Nakata et al., 1978) .
The determination of nucleotide sequences is expected to provide basic information about the relationship between the morphological organization and the biological function of the viral proteins, and may also make it possible to identify mechanisms of virus replication in both plant and insect vectors. Among the 12 genome segments of RDV, the nucleotide sequence is known only for S10 which was thought to encode for a non-structural protein (Omura et al., 1988) . This paper describes the cDNA of the eighth largest dsRNA ($8) segment and provides evidence that the latter may code for a protein (46K), previously reported as 43K. Together with immunological work by Matsuoka et al. (1985) , we suggest that this 46K protein is located outside of the outer capsid of RDV.
METHODS
Virus. The O strain of RDV (Kimura et al., 1987) was purified according to the method reported by Omura et al. (1982) . Removal of the outer capsid proteins using MgCl2 was done using the method described by Hagiwara et al. (1986) . Preparations were negatively stained with uranyl acetate and examined in a Hitachi H-7000 electron microscope.
Cloning and sequencing. The cDNA library of RDV genome segments cloned into pBR322 was the same as that described by Omura et al. (1988) . Of the 15 clones that hybridized specifically with $8 dsRNA labelled with [32p]pCp, six had inserts of approximately 1650 bp of cDNA. These cDNAs correspond to the full length of the original dsRNA including the tail attached in the process of cloning. The DNA sequence was determined as described by Omura et al. (1988) using two of these clones and an automated DNA sequencer (Smith et al. 1986 ) (370A, Applied Biosystems) using fluorescent primers (Applied Biosystems) and T7 DNA polymerase (Sequenase; United States Biochemical) for the dideoxynucleotide chain termination reaction. The cDNA was t Present address: University of Tokyo, Bunkyo-Ku, Tokyo 113, Japan.
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T. OMURA AND OTHERS subdivided by AluI or ItaelII cleavage and Bal 31 digestion and subcloned into M 13mp 18 M 13rap 19. All the parts of the eDNA were sequenced at least twice in each direction using one of the clones and each sequence was confirmed by the other one. T-Deoxy-7-deazaguanosine triphosphate (Mizusawa et al., 1986) was used instead of dGTP in all sequencing procedures.
Purification and partial amino acid sequencing of the outer capsM protein. Purified virus particles were dissociated in SDS, separated by SDS-PAGE and viral proteins were stained with Coomassie Brilliant Blue as described by . The 46K band (Fig. 4 a) was cut out and the protein was electroeluted in a 10-fold dilution of Tris-glycine-SDS buffer of Laemmli (1970) in a protein extraction unit (Nihon-eido) for 3 h at 1 W as described by Bhown & Bennett (1983) . Eluted protein was dialysed against 0.1 M-Tris-HC1 pH 8.0. The preparation was digested with lysyl endopeptidase (Wako) or trypsin (Sigma) at the ratio of approximately 10 gg of enzyme per mg of protein for 3 h at 37 °C. Peptides were isolated using reverse-phase HPLC (Varian 5500) with a reverse-phase column (Inertsil C18, 5 gm, 4-6 x 25 cm 2 ; Gaskuro Kogyo). Peptides were eluted using a linear gradient from 0 to 50 ~ acetonitrile in 0.1 ~ aqueous trifluoroacetic acid for 2 h at a flow rate of 1-0 ml/min and a column temperature of 35 °C. Chromatography was monitored at 216 nm, and volatile compounds in the fractions were removed in a vacuum concentrator. Samples were subjected to analysis using an automatic protein sequencer (Applied Biosystems, 470A or 477A).
RESULTS
The nucleotide sequence of segment $8 of the cloned genome is shown in Fig. 1 . The cloned DNA of $8 contains 1424 bp with a calculated Mr of 0.912 x 106, as dsRNA. The DNA has one long open reading frame which starts from the first AUG triplet (residues 24 to 26) and extends for 1260 nucleofides, ending with two consecutive termination codons at nucleotides 1284 to 1289, followed by a 3' non-coding region of 141 nucleofides. The other reading frames including those in the opposite polarity strand contained numerous stop codons; none coded for more than 102 amino acids. The sequence at the 3' end, ---UGAU 3' (Fig. 2) , is the same as that in S10 (Omura et al., 1988) which had terminal sequences similar to those in wound tumour virus (WTV) RNA (Anzola et aL, 1987) . The 5" end of RDV $8 was 5' GGCAAA---and is homologous to that of S10 except that C, the third nucleotide in $8, was U in S10. The terminal portion of segment $8, as well as of segment S 10, was found to contain an inverted repeat ( Fig. 2 ) adjacent to the semi-conserved terminal 5'-hexanucleotide and Y-tetranucleofide sequences, reported in the segments of WTV (Anzola et al., 1987) .
The open reading frame has the potential to encode a polypeptide composed of 420 amino acids with a calculated Mr of 46422. Among the structural proteins of RDV (Matsuoka eta[., 1985) , the protein reported as 43K (Fig. 4a ) was closest in size to this predicted polypeptide. The purified 43K protein, which is now considered to be 46K (Fig. 4d) , was subjected to partial amino acid sequence analysis.
As shown in Fig. 1 , all the partial amino acid sequences of the polypeptide fragments formed by digestion with trypsin (amino acid residues 4 to 21, 85 to 92, 132 to 138, 156 to 167, 303 to 307, 337 to 343 and 384 to 395) or lysyl endopeptidase (398 to 420) of the purified 46K protein coincided with those predicted from the nucleotide sequence. One amino acid could not be determined; it corresponded to residue 338, which the nucleotide sequence predicts to be cysteine, not detectable by Edman degradation.
To confirm the location of the 46K protein, purified RDV particles were treated with MgC12, separated into supernatant and pellet fractions by ultracentrifugation and subjected to electrophoresis. Intact viral particles were isometric in shape (Fig. 3a) and approximately 70 nm in diameter as reported previously (Kimura & Shikata, 1968; Uyeda & Shikata, 1982) . Isometric particles about 53 nm in diameter, cores of viral particles (Fig. 3b) , were obtained from the pellet after high speed centrifugation of purified RDV particles treated with MgC12. As the diameter of the intact virus particle was approximately 70 nm and that of the core particle was approximately 53 nm, the height of the capsomere was estimated at 8.5 nm, which agrees with the results obtained by Kimura & Shikata (1968) . On the other hand, the width of the capsomere was approximately 8 nm (Fig. 3 a) .
The SDS-PAGE of intact particles and two fractions mentioned above is shown in Fig. 4 (a, b and c). The core particles had lost most of the 46K protein (Fig. 3 b) , which was recovered from the supernatant after high speed centrifugation of RDV particles treated with MgC12 (Fig. 3 c) .
ACGATAATAGCTGGCGTTACGGCCACTGCAACTGCCGCGGACGCTGCTACTACATTTACT 779
TTTGGAAGAT ACTATCGACCAAATTAGTGATATCATATAAGGAATCTGCTGGTGCGCATA These results together with immunological work showing that antiserum to intact RDV reacted only with the 46K (43K) protein demonstrate that the 46K protein is the major constituent of the outer capsid of RDV. Densitometric tracing of SDS-polyacrylamide gels of intact viral particles (Fig. 4a) indicated that the 46K (43K) protein and the 120K protein (located in core particles) accounted for 52~o and 29~o of total viral proteins. When the 46K sequence was compared with data from the protein sequence library constructed by the National Biomedical Research Foundation, Washington, D.C., U.S.A. using the FASTP (Lipman & Pearson, 1985) programs, no significant similarities were detected with any of the proteins so far collected.
DISCUSSION
The largest polypeptide that could be encoded by $8 RNA is composed of 420 amino acids. The correlation of the amino acid sequence of the peptide fragments to that deduced from the nucleotide sequence at residues 33 to 83 (Fig. 1) indicates that the first AUG codon at residues 24 to 26 is the initiation point for the translation of the protein. Attempts to determine the Nterminal amino acid (using the intact protein and fractions containing small polypeptides separated by HPLC after treatment with trypsin) were unsuccessful, suggesting that the N terminus may be blocked.
The peptide starting from amino acid 398, formed by digestion with lysyl endopeptidase, ended with asparagine at amino acid residue 420, which coincided with the C terminus of the predicted translational product of the genome segment $8 of RDV. This suggests that asparagine at amino acid residue 420 constitutes the C terminus of the protein.
As the Mr of this protein was found to be 46422, the protein was designated 46K rather than 43K (Fig. 4) . The difference between the Mr of the protein predicted in the present investigation and that obtained by SDS-PAGE may be attributed to factors that affect the migration of the protein (Sano et al., 1978) .
The total Mr of the 12 genome segments was estimated to be approximately 15.92 x 106 based on the results of comparative electrophoresis of RDV and WTV (Reddy et al., 1974) , using the nucleotide sequencing data of RDV $8 (Fig. 1) , RDV S10 (Omura et al., 1988) , WTV $5 (Anzola et al., 1987) and WTV S12 (Asamizu et al., 1985) . According to Inoue & Timmins (1985) , the particle weight of RDV is 65-2 x 106 and the RNA content is about 20 ~. Therefore, the weight of the nucleic acid in RDV is 13.04 x 106 which coincided well with the value obtained from the comparative electrophoresis mentioned above (15.92 x 106). The weight of RDV total protein, calculated by subtraction of the weight of the nucleic acid from that of the intact particle is 47-94 x 106. The relative amount of the 46K protein of total RDV particles was estimated to be about 52~o. Therefore, the amount of the 46K protein in a virus particle can be estimated at 24.93 x 106.
The number of morphological units on the outer capsid of the RDV particles was estimated to be 180 (Kimura & Shikata, 1968; Uyeda & Shikata, 1982) . Accordingly, the weight of the unit capsomere which is 138.5K suggests that the unit capsomere contains three molecules of 46K protein. As the shape of the capsomere corresponded to a column 8.5 nm in height and 8 nm in width, from electron microscopic observations, the 46K protein may be a stick 8.5 nm in height and approximately 4 nm in width, based on the cylindrical model of K imura & Shikata (1968) .
It is interesting to note that the size of the nucleic acids that code for the outer capsid proteins of RDV and WTV are identical (Xu et al., 1989) although the viruses are serologically unrelated (Liu & Black, 1978) .
RDV interferes with infection by rice gall dwarf virus (another Phytoreovirus) of monolayer cell cultures of the vector insect (Kimura et al., 1984) and it is thought that this is because the binding site of capsid protein with the membrane of the vector cell is identical for the two viruses. It has also been suggested that the capsid protein determines the severity of the symptoms induced in RDV-infected plants (Kimura et al., 1987) . Knowledge of the amino acid sequence of the capsid protein may therefore be expected to provide valuable information about some of the mechanisms involved in virus infection.
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